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Description 

[MASK FOR FABRICATING A CONTACT 
AND CONTACT PROCESS THEREOF] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 92102150, filed January 30, 2003. 
Background of Invention 

[0002] Field of Invention 

[0003] jhe present invention relates to a mask and its applica- 
tion. More particularly, the present invention relates to a 
mask for fabricating a contact and the contact process 
thereof. 

[0004] Description of Related Art 

[0005] | n the fabrication of a liquid crystal display, non- 
photosensitive dielectric material or organic photosensi- 
tive material is often used to form the insulating layer of a 
thin film transistor array. To ensure the conductive layers 
above and below the insulating layer are electrically con- 



nected, a patterning process (for example, photolitho- 
graphic and etching processes or photolithographic pro- 
cess alon) is carried out to form a contact. For example, 
the pixel electrode and the drain terminal of a thin film 
transistor in a pixel structure must be electrically con- 
nected. To form the necessary electrical connection, a 
patterning process is carried out to form a contact open- 
ing that exposes the drain terminal in the insulating layer 
before forming a pixel electrode over the insulating layer. 

[0006] | n general, a liquid crystal display that needs to form lots 
of openings chooses organic photosensitive material (for 
example, a photoresist material) over other substances for 
fabricating the insulating layer. However, organic photo- 
sensitive material generally has a thick coverage and 
hence produces a contact opening with steep sides. In 
other words, the sidewall of a contact opening often forms 
an angle approaching 70° with a conductive layer under 
the contact as shown in Fig. 1A. 

[0007] pigs. 1A and IB are schematic cross-sectional views 

showing the steps for fabricating a conventional contact. 
As shown in Fig. 1A, an organic photosensitive layer 104 
is formed over a conductive layer 102 above a substrate 
100. The organic photosensitive layer 104 has a contact 



opening 106. In the fabrication of a liquid crystal display, 
the conductive layer 102 is the drain terminal of a thin 
film transistor and the contact opening 106 is a region for 
connecting the pixel electrode with the drain terminal, for 
example. However, due to the thickness of the organic 
photosensitive layer 104, sidewalls of the patterned con- 
tact opening 106 are rather steep. In other words, the 
sidewall of the contact opening 106 and the underlying 
conductive layer 104 forms a contact angle 108 of almost 
70°. 

[0008] Because the contact opening 106 has steep sidewalls, step 

coverage of a pixel electrode 110 formed over the organic 

photosensitive layer 104 and the contact opening by 

sputtering is poor. As shown in Fig. IB, the pixel electrode 

110 may break easily. 
Summary of Invention 

[0009] Accordingly, one object of the present invention is to pro- 
vide a mask for fabricating a contact and a contact pro- 
cess thereof. By reducing the contact angle between the 
sidewalls of a contact and an underlying layer, breakage 
of a subsequently formed conductive layer inside the con- 
tact opening is prevented. 

[0010] a second object of this invention is to provide a mask for 



fabricating a contact and a contact process thereof that 
produces a better contact without changing any fabrica- 
tion steps. Only the design of the mask needs to be 
changed. 

1 ] To achieve these and other advantages and in accordance 
with the purpose of the invention, as embodied and 
broadly described herein, the invention provides a mask 
for fabricating a contact process. The mask has a contact 
pattern thereon. The edge of the contact pattern includes 
a special edge pattern. The edge pattern is a half-tone 
exposure region. The contact pattern can have a circular, 
polygonal or irregular shape. The edge pattern at the edge 
of the contact can have several designs. According to one 
preferred embodiment, the edge pattern is a sawtooth 
pattern with sharp pointed sawtooth or truncated saw- 
tooth lining the edge. According to another preferred em- 
bodiment, the edge pattern is a circular pattern with at 
least one circle. In other words, at least one circular pat- 
tern is placed outside the contact pattern. The circular 
pattern may be concentric with the contact pattern or 
non-concentric with the contact pattern or the circular 
pattern may spiral away from the contact pattern. Accord- 
ing to yet another preferred embodiment, the edge pat- 



tern is a multi-sided mosaic pattern. For example, the 
multi-sided mosaic pattern can be a four-sided mosaic 
pattern. 

[0012] This invention also provides a contact fabrication process. 
A substrate having a first conductive layer and a dielectric 
layer over the first conductive layer is provided. A mask is 
set up over the dielectric layer. The mask has a contact 
pattern whose edges include an edge pattern. The edge 
pattern is a half-tone exposure region. The contact and 
associated edge pattern on the mask are designed ac- 
cording to the aforementioned specifications. Thereafter, 
a patterning process is conducted to form a contact open- 
ing in the dielectric layer. The contact opening exposes 
the first conductive layer. If the dielectric layer is fabri- 
cated using an organic photosensitive material, the pat- 
terning process is a photolithographic process. On the 
other hand, if the dielectric layer is fabricated using a 
non-photosensitive material, a photoresist layer must 
form over the dielectric layer before conducting a pho- 
tolithographic and an etching process to form the contact 
opening. The sidewall of the contact opening and the un- 
derlying conductive layer form a contact angle smaller 
than 70°. 



[0013] | n this invention, the edges of contact pattern on the mask 
are half-tone exposure region. Hence, after transferring 
the contact pattern on the mask onto the dielectric layer, 
sidewalls of the contact opening have a rather gentle 
slope. In other words, the contact angle between the side- 
wall of the contact opening and the conductive layer un- 
der the contact is reduced. 

[0014] D ue t0 a reduction in the contact angle between the side- 
wall of the contact opening and the underlying conductive 
layer, subsequently deposited conductive material over 
the dielectric layer and the contact opening has a good 
step coverage. Hence, the probability of having a broken 
contact is greatly reduced. 

[0015] | n brief, this invention utilizes special pattern design on a 
contact mask to improve contact quality. Furthermore, no 
additional steps are needed in the contact process be- 
cause no changes other than the mask pattern are de- 
manded. 

[0016] it is to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 

the invention as claimed. 
Brief Description of Drawings 



[0017] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0018] pigs. 1A and IB are schematic cross-sectional views 

showing the steps for fabricating a conventional contact. 

[0019] pigs. 2A to 2E are schematic cross-sectional views show- 
ing the steps for fabricating a contact according to one 
preferred embodiment of this invention. 

[0020] Fig. 3 is a top view of a contact mask according to a first 
preferred embodiment of this invention. 

[0021] Fig. 4 is a top view of an alternative contact mask accord- 
ing to the first preferred embodiment of this invention. 

[0022] Fig. 5 is a top view of a contact mask according to a sec- 
ond preferred embodiment of this invention. 

[0023] Fig. 6 is a top view of another contact mask according to 
the second preferred embodiment of this invention. 

[0024] Fig. 7 is a top view of yet another contact mask according 

to the second preferred embodiment of this invention. 
Detailed Description 

[0025] Reference will now be made in detail to the present pre- 



ferred embodiments of the invention, examples of which 
are illustrated in the accompanying drawings. Wherever 
possible, the same reference numbers are used in the 
drawings and the description to refer to the same or like 
parts. 

[0026] pigs. 2A to 2E are schematic cross-sectional views show- 
ing the steps for fabricating a contact according to one 
preferred embodiment of this invention. As shown in Fig. 
2A, a substrate 100 having a conductive layer 102 and a 
dielectric layer 104 over the conductive layer 102 is pro- 
vided. If the contact process is applied to fabricate a liquid 
crystal display, the conductive layer 102 can be the sec- 
ond metallic layer (M2) in the thin film transistor, that is, 
the drain terminal of the thin film transistor or the upper 
electrode of the pixel storage capacitor. The dielectric 
layer 104 is fabricated using a non-photosensitive inor- 
ganic material including, for example, silicon nitride or 
silicon oxide. However, in the fabrication of liquid crystal 
display with lots of openings, the dielectric layer 104 is 
normally fabricated using an organic photosensitive mate- 
rial (for example, photoresist material). 

[0027] a s shown in Fig. 2B, assume that the dielectric layer 104 
is fabricated from a non-photosensitive inorganic dielec- 



trie material, a photoresist layer 200 is formed over the 
dielectric layer 104 and then a mask 202 is set up over 
the photoresist layer 200. The mask 202 has an exposure 
region 208, a half-tone region 206 and a non-exposure 
region 204. Here, the exposure region 208 is a place 
where the contact pattern is located and the half-tone re- 
gion 206 is located at the edge of the contact pattern 208. 
The non-exposure region 204 occupies the remaining 
area of the mask 202. In this invention, the half-tone re- 
gion is an area with a specially designed edge pattern for 
producing half-tone exposure effects. 

[0028] on the other hand, if the dielectric layer 104 is an organic 
photosensitive material layer, there is no need to form a 
photoresist layer 200 over the dielectric layer 104 before 
setting the mask 202 over the dielectric layer 104. 

[0029] a few actual contact mask designs are shown in Figs. 3 to 
7. Since the contact mask can be designed in a variety of 
ways and in different combinations, the designs in Figs. 3 
to 7 serve an illustration only and should by no means 
limit the scope of this invention. 

[0030] As shown in Figs. 3 and 4, the contact mask 202 has a 
contact pattern 208 thereon. The contact pattern 208 is 
an exposure region. The contact pattern 208 can have a 



circular, a polygonal or an irregular shape. In the figures, 
a circular contact pattern 208 is shown. To provide half- 
tone effect at the edge of the contact pattern 208, the 
edge of the contact pattern 208 is designed to include a 
series of sawtooth. The sawtooth lining the edge can be 
sharp pointed sawtooth 206a (as shown in Fig. 3), trun- 
cated sawtooth 206b (as shown in Fig. 4) or some other 
sawtooth-like profiles. 
[0031] pigs. 5 and 6 illustrate another contact mask design. As 
shown in Figs. 5 and 6, the contact mask 202 also has a 
contact pattern 208 thereon. The contact pattern 208 is 
an exposure region. The contact pattern 208 can have a 
circular, a polygonal or an irregular shape. Similarly, a cir- 
cular contact pattern 208 is shown. To provide half-tone 
effect at the edge of the contact pattern 208, the edge of 
the contact pattern 208 is designed to include at least a 
circular pattern. The circular pattern can be a circular con- 
centric pattern 206c (as shown in Fig. 5), a spiral pattern 
206d (as shown in Fig. 6) or some other concentric pat- 
terns. 

[0032] pig. 7 illustrates yet another contact mask design. As 

shown in Fig. 7, the contact mask 202 also has a contact 
pattern 208 thereon. The contact pattern 208 is an expo- 



sure region. The contact pattern 208 can have a circular, a 
polygonal or an irregular shape. Similarly, a circular con- 
tact pattern 208 is shown. To provide half-tone effect at 
the edge of the contact pattern 208, the edge of the con- 
tact pattern 208 is designed to have a polygonal mosaic 
edge pattern. For example, the edge can have a four- 
sided mosaic edge pattern 206e (as shown in Fig. 7) or 
some other mosaic edge patterns. 
[0033] | n a || 0 f the aforementioned masks, the edge of each con- 
tact pattern is specially designed to produce some half- 
tone effect after a photo-exposure operation. A variety of 
edge patterns can be used including, for example, saw- 
tooth lining, circular ring, polygonal mosaic and many 
others. 

[0034] Next, as shown in Fig. 2A, the mask 202 is placed over 
the photoresist layer 200 and a photo-exposure is con- 
ducted. The exposed photoresist layer 200 is developed 
to form a patterned photoresist layer 200 with an opening 
209 that exposed the dielectric layer 104 as shown in Fig. 
2C. 

[0035] Because the edge of the contact pattern 208 on the mask 
202 includes a specially designed pattern 206 (for exam- 
ple, the pattern as shown in Figs. 3 to 7), some half-tone 



effect will result due to a combination of resolution and 
optical proximity effect after the photo-exposure process. 
Therefore, the opening 209 in the photoresist layer 200 
has a rather gentle slope after chemical development. In 
other words, the sidewalls of the opening 209 and the un- 
derlying dielectric layer 104 form a contact angle 211 
smaller than 70°. 

[0036] Thereafter, using the photoresist layer 200 as an etching 
mask, the dielectric layer 104 is etched to form a contact 
opening 210 that exposes the conductive layer 102. The 
photoresist layer 200 is then removed to form a structure 
shown in Fig. 2D. The contact opening 210 also has side- 
walls with gentle slope. In other words, the sidewalls of 
the contact opening 210 and the underlying conductive 
layer 102 also form a contact angle 212 smaller than 70°. 

[0037] N 0te t hat if the dielectric layer 104 is fabricated using an 
organic photosensitive material, photo-exposure and 
chemical development can be carried out immediately af- 
ter setting the mask 202 over the dielectric layer 104 to 
form a contact opening 210 that exposes the conductive 
layer 102 in the dielectric layer 104. Similarly, the contact 
opening 210 also has sidewalls with gentle slope. In other 
words, the sidewalls of the contact opening 210 and the 



underlying conductive layer 102 also form a contact angle 
212 smaller than 70°. 
[0038] As shown in Fig. 2E, a conductive layer 110 is formed over 
the dielectric layer 104 and the interior surface of the 
opening 210. The conductive layer 110 and the conduc- 
tive layer 102 are electrically connected through the con- 
tact opening 210. In the fabrication of a liquid crystal dis- 
play, the conductive layer is a transparent pixel electrode 
fabricated using a material including, for example, in- 
dium-tin oxide. 

[0039] | n this invention, the edges of the contact pattern on the 
mask are fabricated into a half-tone exposure region. 
Hence, after transferring the contact pattern on the mask 
onto the dielectric layer, sidewalls of the contact opening 
have a rather gentle slope. In other words, the contact an- 
gle between the sidewall of the contact opening and the 
conductive layer under the contact is reduced. 

[0040] | n addition, due to a reduction in the contact angle be- 
tween the sidewall of the contact opening and the under- 
lying conductive layer, subsequently deposited conductive 
material over the dielectric layer and the contact opening 
has a good step coverage. Hence, the probability of hav- 
ing a broken contact is greatly reduced. 



[0041] Furthermore, the utilization of special pattern designs on 
a contact mask to improve contact quality requires no ad- 
ditional steps in the contact process. 

[0042] it w j|| De apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 



